It is ironic that the management of education has become more closed while learning has become more open, particularly over the past 10-20 years. The curriculum has become more instrumental, predictive, standardized, and micro-managed in the belief that this supports employability as well as the management of educational processes, resources, and value. Meanwhile, people have embraced interactive, participatory, collaborative, and innovative networks for living and learning. To respond to these challenges, we need to develop practical tools to help us describe these new forms of learning which are multivariate, self-organised, complex, adaptive, and unpredictable. We draw on complexity theory and our experience as researchers, designers, and participants in open and interactive learning to go beyond conventional approaches. We develop a 3D model of landscapes of learning for exploring the relationship between prescribed and emergent learning in any given curriculum. We do this by repeatedly testing our descriptive landscapes (or footprints) against theory, research, and practice across a range of case studies. By doing this, we have not only come up with a practical tool which can be used by curriculum designers, but also realised that the curriculum itself can usefully be treated as emergent, depending on the dynamicsbetween prescribed and emergent learning and how the learning landscape is curated.
Introduction
The past five years have seen the blossoming of open, online courses and networked learning. Some courses are freely available on the Web and attract large numbers of participants. Many fee-paying courses have expanded their interaction and networking, using social media (Networked Learning Conference, 2012) . What these learning events have in common is that they are increasingly open, interaction is distributed over a wider variety of learning platforms, and they offer learners considerable autonomy and control to create their own personalised, unpredictable, and emergent learning.
Several researchers and practitioners have used aspects of complexity theory to understand these developments (Wenger, White, & Smith 2009; Siemens & Downes 2008, 09; Snowden & Boone, 2007) . But with the exception of Snowden, this has been rather selective. We thought it might be useful to develop a theoretical framework for emergent learning that uses complexity theory explicitly and systematically and published a paper in 2011 that attempted to do just that (Williams, Karousou, & Mackness, 2011) . It describes emergent learning as follows:
Emergent learning is likely to occur when many selforganising agents interact frequently and openly, with considerable degrees of freedom, but within specific constraints; no individual can see the whole picture; and agents and system co-evolve.
… Why is it important? Emergent learning is open and
flexible, so it is responsive to context and can adapt rapidly. …[However] emergence is not a panacea, it is an option … it has to be integrated within an overall, inclusive learning ecology, along with prescribed learning. (p.45) In other words, emergent learning is adaptive and, paradoxically, ordered yet unpredict-
able.
This paper builds on the detailed theoretical framework in the 2011 paper and focuses, instead, on developing a set of practical tools (3D footprints) to describe the relationships between emergent learning and prescribed learning and the dynamics of change across learning events within interactive social media and networks. These footprints have also been developed to be used more widely for design, strategy, and organization, that is for broader conversations about a course, for example for evaluation as well as for on-going feed-forward as the course (and even the curriculum) emerges.
In this process we re-examine the relationship between curriculum design and learning in search of adaptive organisational forms that enable emergent learning to flourish. The new curriculum can best be described as a 'topography of learning' (see Figures 2-4) , or an 'architecture of participation ' (Fred Garnett, 2011, personal communication) . An 'emergent curriculum,' rather than being a pre-determined framework for compliance, evolves dy-
Footprints of Emergence
Developing the Emergent/Prescriptive Learning Framework Our 2011 paper outlined the differences between prescribed and emergent learning. Here we move on and recast these binary oppositions, instead, as overarching factors that apply across a spectrum to both prescribed and emergent learning, just in different ways, for example organization, from self-organization (emergent) to institutional organization (prescribed) ( Table 2 in Appendix A).
We start with the description of a course as it was designed and presented. We are aware of the pitfalls of speculating about the intentions of the designer, so we restrict ourselves to what we know about what was actually offered. Where we have enough information, we map out the subsequent phases in the course, how the dynamics change and, crucially, whether 'agency and structure co-evolve' or, more simply, whether there is mutual adaptation and growth between the participants and the organisation of the event.
The factors that we use, such as self-organization, risk and trust, have a direct bearing on learning -but we cannot emphasise enough that each of these factors may enable or inhibit learning depending on the context -the dynamics of the situation, and the purpose of the event. None of the factors are sufficient on their own to ensure learning and, besides, to the extent that emergent learning is open and self-organised, it is always somewhat unpredictable, and in some cases the descriptions focus on how learning did not happen, when things become too risky, too close to the edge of chaos, or too prescriptive for that matter.
Every factor has an up-side and a down-side or even a dark-side. Higher education, for example, often involves 'identity workshops' (Turkle, 2012) , which can be too high-risk for comfort. Barnett's spaces of uncertainty (above) can be empowering, but they can also cause anxiety. Courses that encourage students to explore their own personal narratives, for instance, can provide fascinating opportunities to explore their identities, but if not sensitively handled, they can be seriously alienating (see Williams, Karousou, & Mallia, 2011 on the use of biographies).
In this paper we focus on just two things: 1) to determine which factors are most relevant to emergent learning and prescribed learning and the way these interact in practice; and 2) to describe the dynamics of the processes of self/organization, mapped out in three dimensional topographies of learning (Figures 2 and 4) . Current terminology (e.g., VLEs or virtual learning environments) has a strong undertow of linearity and predictability. This is no longer fit for purpose to describe what Reilly (2012), for instance, talks about when pointless as these types of acts … occur in non-orientable time.
We align ourselves with theories of learning and knowledge which emphasise the role of embodied learning and knowing, multi-modal learning, and, more pertinently, cross-modal (or synaesthetic) learning, in which experience, physical engagement, and traditional cognition all play an integral part (Gumtau, 2011; Williams, Gumtau, & Mackness, 2012 ).
Consequently we use metaphor, and particularly visual metaphor, not as an illustrative aside but as a core mode of thinking and researching. The topography of learning is in one sense a mountain landscape, but it links to other 'topographies' too, like curved spacetime ( Figure 3 ). However, none of these metaphors is a 'magic bullet.' This paper must be judged on its clarity and its ability to engage the mind (and more so the practices) of the reader, not on the metaphor count per page.
Footprints and Topographies

Factors
Our approach has developed through three phases. First, we tested and applied concepts which emerged from practice, participation, and research (outlined in detail in our previous paper in 2011) to our case studies to identify 25 pertinent factors. We put these factors into traditional 2D footprints, such as the 'radar' graphs in Excel (Figure 1) . 
Clusters
We then grouped the factors into four clusters (Table 1) drawing on key elements of complexity theory, specifically the co-evolution of structure and agency (Cilliers 2005; Snowden & Boone, 2007) . The clusters are open/structure, the extent to which the overall structure of the learning 'scape is open or predetermined; interactive environment, the way openness and structure is realised in an actual event; agency, the overall extent to which agency, initiative, and identity are active elements of the learning process; and presence/writing, the way in which people present and articulate themselves and their thoughts and feelings across a wide range of media, from the immediate presence of conversation and interaction to studied, formal modes of writing. 
3D Topography
In the conventional 'radar' footprint (Figure 1 ), each factor is placed on a spoke going outwards from the centre. The middle of the footprint indicates none of a particular factor, which increases outwards, with more equals high value and less equals low value. This would be a rather simplistic way to describe complexity.
Reflecting on the need to integrate prescribed and emergent learning, we realised that more of anything, even emergence, is not always a good thing. And we wanted to map out and describe the appropriate balance between prescribed and emergent learning for particular contexts, not to construct a normative and evaluative framework. Figure 2 is a top-view of the footprint, which in perspective would look similar to the curved-space topography in Figure 3 (without the sphere of course). Figure 4 shows the topographical footprint in transverse section, or side view.
Zones
The 3D dynamics of the topography map out the different zones: prescribed, emergent, and chaotic, the relationships between them, and the dynamics, risks, and opportunities that are involved in moving between zones as learners choose to shift between zones or are requested to do so.
The 3D topography consists of a central (dark blue) zone of prescribed learning in which learning is low risk, stable, and organised for the learner rather than by the learner. In the topographical metaphor, this is a valley, a settlement, for reified (stable, established)
knowledge. It is surrounded by a steep incline, indicating the inertia of formalised knowledge that makes this central zone difficult to climb out of, on the one hand, but safe and comfortable to 'reside' in on the other.
The top of the ridge or plateau is the second circle: the optimal zone for emergence, which ties, yet reasonably flat and reassuring. Around that is a further area of emergence (the third circle in a darker blue), which is increasingly higher risk, and possibly more creative, which we call 'sour' or 'sharp' emergence, depending on whether the emergence is challenging in a positive sense (sharp) or in a negative, unsettling sense (sour). Here the topography drops off sharply towards the 'edge of chaos,' where learners may fall over the cliff, get lost in social space, ensnared in the tyranny of participation, or just plain panicked. It's where emergence, interaction, and openness becomes just too much to cope with, quite counter-productive and disorientating.
The topologies of learning are not primarily concerned with the actual content of the learning. Rather, we are trying to describe the ways in which a learning 'scape is organised and experienced, dynamically, for a particular context and particular learners and whether the learning 'scape is appropriate for that context, on its own terms. Knowledge gained about emergence may provide retrospective coherence, and even a bit of wisdom, but it does not produce predictability.
Palettes
We deliberately create the footprints in a palette ( Figure 5 ) to indicate that not all the factors apply to all the case studies. In each case we just use the factors that are appropriate, though the ones that are left behind can be as significant.
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When we describe a new case, we might need to add new factors to our palette just as you create and add new colours for painting. We are aware that the boundary between visual description and visual analysis is fuzzy and that creating a taxonomy is always a selective semiotic: it cuts some things in and cuts some things out. Perception and description is never innocent. Nevertheless, we try to stick to empirical, rich, graphic descriptions as far as possible.
Our palette is thus flexible and adaptive, and we use this approach to align our research with our subject matter to explore and demonstrate, graphically, what co-evolution and enactive perception means within the practice of researching. There is an onus on the reader to creatively engage with these visual descriptions.
Case Studies
The The method for 'scoring' the factors in the footprints is detailed in Appendix B.
Teacher Training through Flexible Distance Learning
A number of universities offer part-time, flexible, distance learning for primary teacher training programmes, through which students can qualify with teacher status and a PGCE.
The students in this case study differ from full-time students as they attend as few as three days face-to-face training sessions each term. Whilst away from the institution they are required to take responsibility for their own learning and manage their own time. However, online support is provided through discussion forums and opportunities for social networking by their peers, tutors, and mentors. They can nevertheless easily feel isolated.
The PGCE students follow a very broad but standards-driven curriculum (for qualified teacher status), in which there is little opportunity for negotiation or learner autonomy, and in which they are rigorously assessed. The assessment load can be very demanding.
Some electives give the students opportunities for choice and increased ownership over their learning. The course is also highly practical; students learn through practice on school placements, which are also rigorously assessed.
Emphasis is placed on reflective learning both in and out of school, and students are required to keep portfolios of their work and reflective journals, which inform their practice and learning. These reflections feed into course evaluations and most courses have a student consultative group which meets with tutors. However, whilst tutors can respond to some feedback, major changes to a course can only be made through revalidation, a lengthy and complex process once every three to five years.
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The programme's approach to module design recognises the increasing functionality and complexity of the Web as an opportunity for innovation and creativity. paths, but it is recognised that students may find this non-traditional approach challenging and unsettling.
EBIN521 has been running for nine years and EBIN527 for four years. Having started with a typically traditional approach to teaching, the module leader has taken an increasingly open approach to reflect the entrepreneurial skills that the students need to develop. This is not a laissez-faire approach. Each year the course materials have been rewritten to accommodate this in response to student feedback. The module leader is constantly aware of the need to find the correct balance between guidance, structure, and openness. The modules thus demonstrate adaptability and promote emergent learning. Both students and the module leader experience the uncertainty associated of the unpredictable outcomes in an open curriculum.
The footprint for this case study shows that this programme pulls the curriculum beyond traditional, prescribed boundaries, particularly in its approach to the design of the learning environment. Whilst it embraces uncertainty and ambiguity and is highly adaptable, it attempts to limit the risks that students experience. For example the programme leader's most recent adaptation has been to somewhat constrain the degree of openness in response to student concerns.
CCK08
This case study is based on papers by Mackness, Mak, and Williams (2010) One of the design paradigms was to strive for agency (Happé, 1999; Frith & Happé, 1999; Heaton, 1999) : putting the children "in charge" of an environment that was at once rich with sensory offerings and devoid of any social context or symbolic content. Another important design paradigm was the cross-modal, or 'synaesthetic' aspect (Williams, Gumtau, & Mackness, 2012).
The environment (Figure 9 ) was not designed to deliver a specific learning schedule, but rather to engage children with autism, enable them to feel in control of their space, and perhaps to play and explore areas of novelty, in behaviour, expressiveness, and agency.
Through observing this dialogue, the parent or carer in turn might learn something about the child's behaviour, expressions, and sensory preferences. 
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The interactive agenda and dialogue was to be driven by the child, without instructions, so the environment had to be accessible and intuitive. The premise was to allow novel and creative behaviour and expression to emerge, and the interactive design had to move beyond predetermined, prescribed sequences.
MEDIATE was a fairly large, almost round space, which did not contain too many elements to fixate upon, but enough to experience and explore. The look and feel integrated a range of organic and haptically interesting materials and shapes and space to move around freely.
The adaptive interactive system included pattern detection software, which allowed the system to build up unique, individual sensory profiles and to identify novel idiosyncratic behaviour. The system then produced responses on the basis of whether the child was inert, fixating and repetitive, or novel and exploratory. This adaptive pattern detection and response provided a rudimentary 'mind' for the child to interact with. The challenge was to implement rules within the system that would allow for as much self-organization and adaptability as possible (Figure 10 ).
If the child displayed novel behaviour, the system increased the complexity of the interaction, starting off with a sensory feedback loop, or amplification of one's body. For instance, the interactive floor first produced footstep sounds, akin to walking on crunchy leaves, directly corresponding to the weight and gait of the person. After a while, the footstep's sound changed slightly into more complex and slightly more abstract responses, first a pitched
Teacher training.
The teacher training footprint is largely confined to the prescribed zone (Figures 6 & 11) .
The teacher training course has to comply with closely defined, prescribed learning outcomes, but a few aspects of the course provided possibilities for emergent learning. The course was designed to be experiential; students were required to create their own learning spaces and be self-organised; reflective learning was encouraged for students to develop their identities as teachers. In reality the focus on compliance, stringent standards, and an over-loaded curriculum meant that there was little or no space for emergent learning.
However, since the design of the programme in 2000, advances in technology have led to the students independently using social networking sites, such as Facebook and Twitter, which provide affordances for emergence.
The footprint diagram clearly indicates that all the characteristics that might lead to emergent learning (with the exception of experiential) are confined within the central, prescribed/compliance zone, which predominates. The questions for course designers are whether it is desirable to encourage emergent learning and how this can be achieved whilst meeting the required standards.
A revalidation of the programme in 2010 included new modules designed to increase reflective learning and creativity. Students are now required to arrange placements for themselves in a non-school setting, such as a museum. These modules allow greater opportunities for emergent learning, but the overall, standards-driven curriculum is still focused on prescribed skills and competencies, "so that they don't damage other people's lives" (a quote from a teacher training tutor).
EBIN.
The e-business and innovation case is substantially located in the sweet zone for emergence. Some parts are within the prescriptive zone and, like teacher training, the practical experience part of the course provides opportunities for emergent learning and requires self-organization and initiative.
The EBIN footprint shows that learner autonomy and negotiation are encouraged by the programme (Figures 7 & 11 ), but the extent to which they can be achieved in practice is constrained by assessment. Whilst some flexibility is built into the assessment, for example students can choose how to present their assignment and the project they wish to work on, these choices must be agreed by the programme leader before students can start work. The footprint maps out the tensions in the course between the prescriptive approach determined by the constraints of a traditional academic system and the 'sweet emergence' and 'openness' offered by the module leader's efforts to be innovative and creative. 
CCK08.
The CCK08 course, on the other hand, was designed as radically open and without constraint, which potentially maximised disruption of and challenges to traditional ways of learning. The risk to participants could be minimised, but only if they exercised the comparably radical degree of autonomy offered and retreated to their own spaces, such as blogs, which many participants did. Whether or not all the participants wanted to exercise such autonomy or thought it would be appropriate to do so is open to question. This may also have been affected by the extent to which the course was seen as a free-for-all as opposed to an environment in which there is mutual trust and respect.
In CCK08 the presence of a troll (someone who deliberately disrupts the course through This restructuring of the CCK08 learning 'scape is clearly evident in the footprints (Figure 12) , which contrast markedly in these two phases, in which some factors go over the edge into potential chaos. There is however an interesting contrast between the troll and control phases: in the troll phase, despite the disruption, participation continued at quite a high level in terms of the amount of interaction, although the number of participants dropped. The online interaction picked up quickly after the troll withdrew. On the other hand, although a larger number of people objected to the control intervention, there was much less interaction on any of the substantial themes of the course during this phase, and this is evident in the larger 'space' in the footprint in the troll phase compared to the control phase. The interaction did not pick up as quickly in the roundup phase that followed.
Perhaps most interesting about the CCK08 footprint is that whilst it is easily recognisable as a course which has been designed to support and promote unpredictable outcomes and emergent learning, how that is experienced by participants varied considerably. So what might be experienced as sweet emergence for some was experienced as sour or on the edge of chaos by others.
MEDIATE.
Although almost the whole MEDIATE footprint is quite close to the edge, the space was designed to provide a carefully graded approach to emergence: firstly establishing an in- The challenge is not to increase emergence per se, but rather to create a dynamic and appropriate balance between emergent learning and personal development on the one hand, and the necessary structure and constraint on the other hand (Williams, Karousou, & Mackness, 2011; Cilliers, 2005) . Emergent learning can all too easily slip into prescription on the one hand, or chaos on the other. The topography does not provide for a definitive analysis of all possible issues. But it does oblige you to think through the dynamics and to critically examine just how much prescription, sweet or sour/sharp emergence, and closeness to the edge of chaos is useful not just for a particular course or context, but also across different phases and for different participants.
Organization
The footprints map out how the design 'scape changes, based on the actions of the teachers and learners. In MEDIATE the participants create their own interactive footprints, which vary from the design 'scape and from those of the other participants. The MEDIATE 'scape is a finely tuned interactive space, perceived and explored differently by each participant as they establish their own affordances ( Figure 13 ).
In CCK08 the interventions from the course organisers dramatically changed the learning 'scape and the available affordances ( Figure 9 ). In EBIN the design phase provided a mix of prescribed and emergent learning, but the course organiser felt that he had to provide more structure as the course progressed in response to student feedback. In the teacher training course, much of the course was prescribed learning, but work experience provided for emergent learning, and subsequent developments in the course have added to this.
The footprints cannot capture all of the rich, dynamic variety, but they do provide a multivariable template. All descriptions of complex events have to be flexible and adaptive too, to reconfigure the clusters or the underlying topography from one case, phase, or even participant to another.
Designing and Curating for Emergence
It is by definition not possible to manage emergence, but it is possible to design, curate, and organise interactive 'scapes in which emergent learning is likely to occur. The people who organise and structure the event as well as the participants must contribute to the emergence and development of the course. Both must exercise initiative, creativity, and be prepared to take some risks. For emergence to work, both structure and agency must co-evolve. 
Conclusion
The topography of learning is a rich, three dimensional visual template, which enables us to map out, describe, and explore the complex relationships and dynamics of adaptive, coevolving, ordered-yet-unpredictable learning. For the first time, perhaps, it also explicitly integrates and acknowledges the value of prescribed learning, the central repository of core knowledge. The topography provides a visual metaphor for exploring how and why learners move back and forth between the zones of prescribed learning and emergence.
Openness provides scope for creativity, emergence, and personal growth, but if pushed too far may become confusing and disorienting. The template is a practical tool for describing these dynamics: of comfort and risk, structure and agency, from fail-safe to safe-to-fail to learning on the edge, a map as well as a panopticon for emergent learning. The topography needs to be both coherent and practically useful, so it was tested in a workshop at the Future of Theory in Education Conference at Stirling University, UK, in 2012. Participants were given a short introduction to the footprints, and within an hour had drawn detailed footprints of their own courses (either as lecturers or as students). The footprints provided rich material for conversations about their courses, comparisons between courses, the dynamics of change, the balance between emergence and prescription, and how this affects the experience of the courses.
The clusters and the factors provide micro-lenses through which we can examine particular aspects and functions within the curriculum and explore the way factors vary across the emergent/prescribed spectrum and across the dynamics of a learning event. However the factors do need to be taken together; the whole is more than the sum of its parts, and the dynamics of the topography itself is a vital resource for learning and emergence.
The case studies also show that, contrary to what we know about complex emergent sys- The presence or absence of particular factors, in itself, does not guarantee that emergent learning will occur. A sensitive and adaptive approach is required to establish and maintain co-evolution between agency and structure, organisers and participants, repetition and disruption. This was exemplified in MEDIATE.
The interactive learning 'scape as a whole is the emergent and dynamic equivalent of the traditional curriculum. This is not to say that a largely prescribed curriculum is not appropriate in particular contexts. On the contrary, the prescriptive topography of the teacher The footprints were created by cross-checked or consensus scoring, using what was effectively a 30-point spectrum, divided into three 10-point zones, namely prescribed, sweet, and sharp/sour emergence (the last of which was broken down further, adding an additional 'marginal' category, that is on the 'edge of chaos ' (29-30) , and there was also a column for scoring factors that were 'off the scale' (i.e. 31+).
The scores are relational or indicative; they are not 'exact'. They were arrived at by crosschecking scoring between the authors for each of the specific footprints across phases and events within particular case studies and across case studies. The scores do not represent absolute values, but rather what we see as vectors, the degree to which a factor is pushed, pulled, squashed, drawn out, or extended towards or away from more or less prescription or emergence.
The underlying visual metaphor is of an elastic, 3D 'conceptual mat' (i.e., not a real, solid, static geological topography, but rather a 'plastic,' virtual one), which can be stretched and squashed in all three dimensions as the design and the dynamics of the 'co-evolution of structure and agency' adapt and change across a learning event.
Below is an example of a score sheet ( Table 3a and 88 Table 3a The 
